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ABSTRACT: 

Many large organizations built their first-generation data integration on hand-coded SQL scripts orchestrated by 

shell scripting and cron. These pipelines are inexpensive to start but scale poorly: they couple business logic to 

individual database engines, resist testing and reuse, and place growing load on the very databases and hardware 

they run against. This paper presents a framework for modernizing such estates by migrating hand-coded SQL 

and shell pipelines to a managed, parallel ETL platform. It characterizes the structural limits of the script-based 

approach, sets out an incremental, risk-ordered migration strategy built on parallel-run validation, and describes 

the classes of benefit the approach can deliver: improved latency and reliability, reduced operational load on 

production databases, lower infrastructure cost, and reduced per-pipeline development and maintenance effort. 

The central argument is that moving from hand-coded SQL and shell scripting to a managed, parallel ETL 

platform can deliver major performance and reliability gains while removing the burden that ad-hoc scripts place 

on the underlying databases and hardware, and that these gains derive from structure and the separation of 

integration compute from operational stores rather than from any single technology. 
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I. INTRODUCTION 

Data infrastructure often begins with the most direct tool available: a SQL script that moves and reshapes data, 

scheduled by cron and glued together with shell scripting. This approach is fast to start and requires no specialized 

platform, so it spreads quickly. Over time, however, it accretes criticality without accreting structure. Business 

logic lives inside individual scripts, tied to the syntax and quirks of a specific database engine; there is no shared 

notion of a reusable transformation, no consistent error handling, and no separation between orchestration and 

compute. The scripts run directly against production databases, so as volumes grow, the integration workload 

competes with the operational workload for the same hardware. 

The literature on ETL is rich on design theory [1], [2] and on the incremental migration of legacy systems [3], [4]. 

Comparatively little has been published on a transition that many organizations actually undertook, and often 

lived with for years: replacing sprawling hand-coded SQL and shell pipelines with a managed, parallel ETL 

platform. Such a platform organizes integration logic into reusable, parallelized jobs with shared metadata, 

decoupling transformation logic from any single database engine and offloading compute from the operational 

stores. For an organization drowning in undocumented scripts, this is a substantial modernization in its own right. 

This paper addresses that gap by setting out a framework for the transition. The contributions of this paper are: 

(1) a structured characterization of the scaling limits of script-based integration estates; (2) an incremental, risk-

ordered migration strategy built on parallel-run validation, designed to preserve business continuity throughout; 

(3) an account of the classes of benefit the approach can deliver, across latency, reliability, database load, cost, 

and engineering effort; and (4) a set of transferable design principles, together with applicability conditions and 

limitations, for practitioners weighing such a migration. 

 

II. BACKGROUND AND CONTEXT 

C. The Script-Based Starting Point 

A typical legacy estate in this class consists of hand-coded SQL scripts, including stored procedures, ad-hoc query 

files, and database-specific transformation logic, invoked and sequenced by shell scripts under cron. This model 

has no separation between orchestration and compute: the database that stores the data also executes the 

transformation, so integration load and query load contend for the same resources. Logic is duplicated across 

scripts rather than shared, error handling is per-script and inconsistent, and there is no metadata layer describing 
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what a given script reads or writes. Dependency ordering is implicit in shell wrappers and cron timing, which 

makes the true execution graph invisible and fragile. 

B. A Managed Parallel ETL Platform as the Modernization Target 

A managed parallel ETL platform organizes integration logic into jobs, directed graphs of stages (sources, 

transformations, sinks), executed by a parallel engine that partitions data across processing nodes. Relative to 

hand-coded scripts, it introduces three properties the script estate lacked: a parallel execution engine independent 

of the source databases, so a substantial portion of transformation compute can be moved away from operational 

stores, reducing contention with operational workloads; reusable, composable stages in place of copy-pasted SQL; 

and shared metadata that makes lineage and impact analysis tractable. These are exactly the properties an 

organization needs when script sprawl becomes unmanageable, which is why such a platform serves as the 

modernization target in this framework. 

C. Target Estate Profile 

The framework targets a recognizable class of estate: a centralized data warehouse fed by a large number of hand-

coded pipelines, drawing from many source systems across multiple business and reporting domains, and 

maintained by a central data team that onboards data from multiple application groups. In estates of this kind the 

warehouse is a consolidation point for many downstream consumers, so high availability and validated, 

trustworthy data are hard requirements. The larger and more business-critical the estate, the more acute the scaling 

limits described next, and the stronger the case for the migration strategy that follows. 

 
Fig. 1: Legacy SQL/shell script estate versus target managed parallel ETL platform. 

 

III. SCALING PROBLEMS IN PRACTICE 

This section characterizes the scaling limits common to hand-coded SQL and shell estates. Each subsection pairs 

a structural cause with its practical consequence. 

A. Change Lead Time and the Absence of Structure 

Hand-coded scripts resist the practices that let teams change systems safely at speed: there is no shared abstraction 

to reuse, no consistent testing harness, and each change risks silent breakage in a dependency encoded only in a 

shell wrapper. Changes are therefore slow and risky because logic lives in scattered scripts, and the true cost of a 

change is dominated by the manual effort of understanding and re-verifying it. A structured platform removes 

much of this hidden effort by consolidating logic into reusable, testable jobs. 

B. Duplication and Implicit Business Logic 

The same transformation logic tends to be copy-pasted across many scripts rather than shared, so a single business 

rule lives in several places at once, with no metadata describing what any script reads or writes. This makes impact 

analysis expensive and risky: tracing the true behaviour of a load means reading through chained shell wrappers 

and the SQL they invoke, rather than consulting any authoritative definition. 

C. Load on Operational Databases and Failure Modes 

Because transforms run directly on the production databases and step ordering is implicit in cron and shell timing, 

a delay or failure in one script can cascade into later loads, and integration jobs compete with operational queries 

for the same database resources. Failures often surface downstream in the warehouse rather than at the point of 
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breakage, which lengthens diagnosis and recovery. The result is a recurring volume of operational incidents and 

run times that degrade under contention. 

D. Hardware Pressure and Capacity Rigidity 

Running transformation compute on the same fixed database hardware couples data growth directly to operational 

risk. The ability to scale integration independently of the database is constrained when transformation workloads 

execute primarily on fixed database infrastructure, so heavier loads mean heavier pressure on the very systems 

serving the business. Much of the infrastructure cost of such estates is effectively locked up in database hardware 

over-provisioned to absorb this integration load. 

 

IV. MODERNIZATION STRATEGY 

C. Strategy Selection 

Three broad strategies are available to an organization holding a large script-based integration estate: (1) wholesale 

rewrite (“big bang”), (2) freezing the scripts and maintaining them indefinitely, and (3) incremental migration, in 

which workloads are rebuilt as ETL-platform jobs in risk-ordered tranches while the scripts keep running until 

each is retired, an application of the strangler-fig pattern [3] to data integration. Risk ranking can consider 

workload criticality, downstream dependency count, transformation complexity, data volume, execution 

frequency, and tolerance for delayed or incorrect outputs. Lower-risk workloads can be migrated first to validate 

the platform and migration process before progressively addressing more critical pipelines. Brodie and 

Stonebraker’s foundational treatment of gateways and incremental cutover [4] informs this choice. 

The framework prescribes incremental migration. A new cluster running the ETL platform is stood up so that 

rebuilt pipelines can run in parallel with the existing production scripts. This provides a controlled medium to 

benchmark the new jobs against real production load, and a platform on which both the old and new paths can be 

tested against a consistent source snapshot, so acceptable equivalence can be established under predefined 

validation criteria before any cutover. Incremental migration is preferred precisely because the warehouse is 

business-critical: with downstream consumers depending on it, business-continuity requirements generally make 

a wholesale big-bang rewrite less attractive than staged migration. 

B. Target Architecture 

The target state (Fig. 1, right) replaces hand-coded SQL and shell scripts with jobs on the ETL platform. Data is 

sourced either from source databases or, for streaming feeds, from a message-streaming layer that the platform 

consumes; the platform performs extract and transform on its own parallel engine, independent of the source 

databases; and the result is loaded into the relational data warehouse. A substantial portion of transformation 

compute is therefore moved away from the operational stores, and reusable stages with shared metadata replace 

duplicated SQL. This separation of integration compute from the operational databases is the structural change 

from which most of the benefits follow. 

C. Migration Mechanics 

Fig. 2 shows the incremental migration loop. Each workload is inventoried and risk-ranked, rebuilt as a job on the 

new platform, and run in parallel against the original script on the new cluster. Outputs from the two paths are 

reconciled against a consistent source snapshot using predefined validation criteria. Validation criteria can include 

row-count reconciliation, key-level completeness checks, aggregate comparisons, duplicate and null checks, 

checksums where applicable, and tolerance-based comparison of business-critical measures. Only after the results 

meet the required equivalence threshold is the workload cut over and the legacy script retired. A reconciliation 

mismatch returns the workload to the rebuild and validation stage rather than allowing cutover, so no pipeline 

goes live until it has met the validation criteria. This parallel-run discipline makes it possible to migrate a large, 

business-critical estate while reducing the risk of business-impacting cutover failures, because behavioural 

changes are validated before they reach production. 
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Fig. 2: Incremental (strangler-fig) migration with parallel-run validation. 

 

V. EXPECTED BENEFITS 

The benefits of the framework follow directly from the structural changes it introduces: replacing scattered scripts 

with reusable, validated jobs, and moving transformation compute off the operational databases onto a dedicated 

parallel engine. Table 1 maps each dimension of benefit to the mechanism that produces it. The magnitude realized 

in any given estate depends on its size, its degree of script sprawl, and how heavily integration currently loads the 

production databases; the architecture creates conditions for these improvements, although outcomes depend on 

workload characteristics, platform configuration, and implementation choices. 

 

TABLE 1: DIMENSIONS OF BENEFIT AND THEIR MECHANISMS 

Dimension of benefit Mechanism 

Potential reduction in end-to-end latency Parallel execution and reduced contention with operational queries can 

shorten run times. 

Potential reduction in operational 

incidents 

Shared metadata, consistent error handling, and explicit dependencies 

can reduce silent and cascading failure modes. 

Reduced database load Suitable transformation compute moves off the production databases 

onto a dedicated engine. 

Potential infrastructure cost reduction Separating integration compute from database infrastructure can reduce 

the need to provision database capacity primarily for transformation 

workloads. 

Potential reduction in development and 

QA effort 

Reusable, testable jobs can replace copy-pasted SQL and per-script 

verification. 

Reduced cutover risk Parallel-run reconciliation under predefined validation criteria provides 

evidence of equivalence before cutover, reducing the risk of unvalidated 

changes reaching production. 

 

The benefits that matter most in practice are availability and trust: a warehouse that is more available and whose 

data is more dependable for downstream consumers. Improvements in latency and the reduction of cascading 

failures both serve that end. Potential reductions in database load, infrastructure cost, and engineering effort can 

compound over time by freeing the central team from maintaining brittle scripts and allowing greater focus on 

evolving the platform rather than firefighting individual pipelines. 

 

VI. DESIGN PRINCIPLES 

The following principles underpin the framework and are intended to be actionable for practitioners weighing a 

comparable modernization. 

1) Move transformation compute off operational databases where contention is material. Running 

transformation workloads directly on operational databases can become a significant bottleneck as data volume 

and concurrency increase. Shifting suitable transformation compute to a dedicated parallel ETL engine can reduce 

resource contention and improve performance and reliability. 
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2) A unified, structured platform standardizes development and QA. Consolidating scattered scripts into 

reusable, managed jobs replaces ad-hoc, per-script effort with one consistent path, substantially reducing the effort 

to build and validate each pipeline. 

3) Parallel-run against a consistent source snapshot before cutover. Running each rebuilt pipeline in parallel 

with the original and reconciling both under predefined validation criteria provides evidence of equivalent 

behaviour before any switch. This reduces the risk of introducing unvalidated behavioural changes during 

migration. 

4) Favour structure over novelty. The framework emphasizes disciplined architecture and separation of 

integration compute from operational databases rather than adoption of the newest available technology. A mature, 

well-understood platform may be preferable to a cutting-edge one when continuity and operational risk dominate 

the decision. 

Applicability and limitations. 

The framework is most suitable for script-heavy estates in which database contention, implicit dependencies, 

inconsistent validation, and business-continuity requirements are material concerns. It is less compelling for small 

estates, for pipelines that are already well structured and tested, or where transformation logic must remain co-

located with the source database for latency or policy reasons. Adopting a managed platform can also introduce 

its own licensing, infrastructure, and skills costs, and the magnitude of any benefit depends on workload 

characteristics, platform configuration, and implementation choices. Practitioners should therefore weigh the 

framework against the specific profile of their estate rather than treating the benefits as assured. 

 

VII. RELATED WORK 

Vassiliadis [1] characterizes the design space of classical ETL, and Kimball and Caserta [2] codified the platform-

based integration practices that hand-coded scripts typically lack: reusable transformations, shared metadata, and 

a separation between orchestration and compute. Brodie and Stonebraker [4] established the foundations of 

incremental legacy migration through gateways and staged cutover, and Fowler [3] framed the strangler-fig 

pattern that this work applies to data integration. Kleppmann [5] provides the systems foundations for reliable, 

large-scale data processing. Together, these works establish foundations for structured ETL, reliable data 

processing, and incremental legacy migration. However, they provide comparatively limited practitioner-oriented 

guidance that combines these concerns specifically for the transition from ad-hoc SQL and shell pipelines to a 

managed parallel ETL platform. This paper organizes those concerns into an incremental, parallel-run 

modernization framework centered on business-continuity constraints. 

 

VIII. CONCLUSION 

This paper presented a framework for modernizing hand-coded SQL and shell integration estates by migrating 

them to a managed, parallel ETL platform. The framework rests on two structural moves: consolidating scattered 

scripts into reusable, validated jobs, and separating transformation compute from the operational databases onto 

a dedicated parallel engine. From these follow the benefits the approach can deliver, in latency, reliability, 

database load, infrastructure cost, and engineering effort. The central argument is that the benefits of the 

framework stem from structure and from that separation of concerns, rather than from any single new technology, 

and that an incremental, parallel-run migration makes it possible to pursue them even in a large, business-critical 

estate while reducing the risk of business-impacting cutover failures. Practitioners facing comparable script-based 

estates can apply the strategy directly, scaling the depth of validation to the criticality of the workloads involved. 
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